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bstract
Genetic factors have a strong influence on obesity and are associated with body mass index (BMI). No study has investigated the
elationships between glucose, the fat mass and obesity-associated (FTO) gene, obesity (BMI), and other metabolic-related traits
n Saudi Arabia. This study was conducted to identify the association between glucose, BMI and the FTO rs9939609 variant with
ifferent metabolic traits among 186 female preparatory students at Taibah University in 2015. The subjects were divided into two
ategories based on glucose level and BMI. The results showed that 1/10th of the students were non-obese, while approximately
/3rd had a high glucose level (HGL). The HGL group had higher mean levels of glucose, cholesterol, triglycerides, HDL, LDL,
LDL, and malondialdehyde compared to those of the normal glucose level (NGL) group. A highly positive correlation between
lucose and some biochemical parameters was found in the HGL group (P  < 0.05), while no correlation was found between glucose
nd biochemical parameters, except for the cholesterol and triglyceride levels, in the NGL group. According to the t-test, none of
he biochemical parameters were significant, and no correlation existed between these parameters and glucose, except for BMI.
ore than 90% of the students were not aware that they had an HGL or high cholesterol level according to their response to the
uestionnaire distributed at the beginning of this study. These problems mainly arose from the students’ diet, lack of exercise, and
ifestyle. Of the 75% of students that had the T-allele, approximately 50% had the heterozygous FTO rs9939609 genotype AT.
enotypes were in Hardy–Weinberg equilibrium (P  > 0.05) in the whole population (n  = 186) in both obese and non-obese groups
nd both HGL and NGL groups. In conclusion, a positive correlation between glucose and some biochemical parameters was found
n the HGL group; 24.5% of the population had the (A allele) risk factor, and 32% and 98% of the population were homozygous
AA) and heterozygous (AT) for the rs9939609 FTO obesity-risk allele that is responsible for greater energy intake. Future studies
re required to study the FTO gene variant and its association with different biochemical parameters, mainly glucose, weight, and
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1.  Introduction
Obesity has become an epidemic in nearly all
countries, including those in the Mediterranean region
[1,2], and is considered a public health problem that
affects various ages and socioeconomic groups [3,4].
In the Eastern Mediterranean Region (EMR), obesity
may cause non-communicable diseases (NCDs), such as
diabetes mellitus, cerebral, hypertension, cardiovascular
diseases, various cancers, osteoarthritis, and breathing
disorders [5,6]. NCDs affect not only the healthcare sys-
tem but also the socio-economic situation [7]. Excess
body weight is the sixth primary risk factor worldwide
for disease burden [8], decreases an individual’s quality
of life and shortens their life expectancy [9].
Obesity has become a major concern in Gulf countries
due to its related diseases. The etiologic factors for obe-
sity have been attributed to diet and nutrition, physical
activity, education, cultural environment, and income
[1]. In Saudi Arabia, the prevalence of obesity is approx-
imately 28% in males and 44% in females [10]. The
etiology of obesity in Saudi Arabian females has been
associated with lifestyle, low exercise and household
activities [11], and the nature of leisure activity (TV and
internet) [12].
Genetic factors have a strong influence on obesity
and are associated with BMI [13,14]. Although multiple
genes (polygenic) affect obesity [15], the risk of obe-
sity conferred by genes has not been validated [15–17].
Frayling et al. [13] and Dina et al. [14] reported a strong
association between the fat mass and obesity-associated
(FTO) gene in populations of European origin. More-
over, studies on the association between the FTO gene
and type 2 diabetes were performed [18]. The FTO gene
is located at locus 16q12.2 and plays an important role
in energy balance. The FTO gene is expressed in many
tissues [13,14]; however, the mechanism by which this
gene affects metabolism remains unknown [19].
Many studies have concluded that there is an
association between BMI and the single nucleotide poly-
morphisms (SNPs) in the first intron of the FTO in both
children and adults [13–17]. Moreover, the SNPs are
associated with diabetes [20], leptin levels [21,22], adi-
posity, insulin sensitivity [22], hepatic metabolism [23],
and tuberculosis [24].
Eating behavior has been linked to the FTO gene in
humans. Both homozygous (AA) and heterozygous (AT)
genotypes of the rs9939609 FTO obesity-risk allele in
children and adults were reported to be associated withPlease cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
http://dx.doi.org/10.1016/j.jtusci.2016.06.003
greater energy intake compared to the homozygous (TT)
genotype in children [25,26]. Therefore, FTO affects
eating behavior, which promotes obesity [27]. PRESS
ersity for Science xxx (2016) xxx–xxx
One of the hallmarks of diabetes is high blood sugar
[28]. Diabetes is a worldwide prevalent metabolic dis-
ease that affects the physical and psychological state
of patients [29]. Diabetes mellitus is characterized by
the insufficient secretion of insulin hormone [30] and
the associated symptoms of weight loss, polyuria, poly-
dipsia and polyphagia [31]. In the Gulf area, Bahrain
and Oman were reported to have a high rate of DM of
25.7% and 16.1%, respectively [32,33]. In 2004, Al-
Nozha et al. [34] reported a 23.7% DM rate in Saudi
Arabia. This prevalence further increased [35]. Over-
all, diabetes is more prevalent in females than males
in younger age groups [35]. Although Saudi Arabia
has a healthcare system with accessible facilities, dia-
betes has been accidentally diagnosed during routine
medical sessions without patients being aware of it
[34]. A preventive modification strategy by changing
lifestyle habits, such as losing weight, increasing phys-
ical activity, and adopting healthier eating habits, was
recommended to decrease DM in Saudi Arabia [34].
To the best of our knowledge, no studies have inves-
tigated the relationship between glucose, the FTO gene,
BMI, and other metabolic-related traits in Saudi Arabia.
Thus, the objectives of this study were to (i) study the
association of glucose and BMI with different metabolic
traits, such as cholesterol, triglycerides, LDL, HDL,
malondialdehyde, sucrose, weight, and serum variation
in leptin, among female preparatory students at Taibah
University in 2015 and (ii) investigate the relationship
between the rs9939609 variant and different metabolic
traits in the studied subjects.
2.  Materials  and  methods
2.1.  Setting
This study was carried out at the Biology Department,
Taibah University, Al Madinah Al Munawwarah, Saudi
Arabia from October 2014 to September 2015. Project
“Number 1435-6087” was funded by the Deanship of
Scientific Research at Taibah University.
2.2.  Inclusion  and  exclusion  criteria
A total of 246 preparatory female students were
involved in this study and gave their approval and con-
sent. A questionnaire was completed from each student
regarding information about name; length; weight; num-Genetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
their frequency/day; exercise type and frequency; and
whether they suffer from any disease(s). Blood samples
were drawn from the students by an experienced nurse
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nder the supervision of a medical doctor. Subjects gave
erbal consent for their blood samples to be used to ana-
yze the FTO gene and to conduct biochemical analyses
y the medical supervisor. After the completion of the
tudy, the blood samples that were used in the biochemi-
al analysis and DNA sequencing were discarded safely
ccording to laboratory safety procedures. Contact and
emographic information were taken from all partici-
ants; however, at the time of analysis, the names of
he students were coded as numbers for confidentiality
urposes.
This study aimed to test the correlation between BMI
nd different biochemical parameters; however, after
ollecting and analyzing the data, a high glucose level
HGL) was noticed in 60% of the participants. Thus,
he glucose level was considered in all of the analy-
is thereafter. Female students were further divided into
wo categories; the first category was based on glucose
evel (HGL and normal glucose level (NGL)), while
he second category was based on BMI (less than 30
nd greater than 30 depending on weight). HGL was
efined as glucose ≥  120, and obesity was defined as
MI ≥  30.
.3.  Biochemical  analysis
Blood samples were drawn after an overnight fast of
–12 h. Glucose and sucrose were detected by a calori-
etric/fluorometric assay in serum using the Glucose
nd Sucrose Assay kit (MAK013, CHEMELEX, S.A.
ol. Ind. Can Castells, Spain). Leptin was detected using
he Human Leptin ELISA kit (AssayPro LLC, USA).
holesterol, triglyceride, LDL, HDL, and malondialde-
yde were detected by calorimetric/fluorometric assay in
erum using the assay kits (Spinreact, S.A./S.A.U Ctra.,
pain).
.4.  DNA  extraction  and  sequencing
Blood samples were DNA extracted using the Gene-
ET Whole Blood Genomic DNA Purification Mini
it (Thermo Fisher Scientific Inc). Two primers (left
′
-TCAAAACTGGCTCTTGAATGAA-5′ and right
′
-TGCTCTCCCACTCCATTTCT-5′) covering 401
ucleotides of the rs9939609 region with a product size
f 228 bp were designed using Primer 3) (http://biotools.
massmed.edu/bioapps/primer3 www.cgi). The sam-Please cite this article in press as: D.E. El Nashar, et al. 
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les were PCR amplified and sequenced at the LGC
enomics Laboratory in Berlin, Germany. Sequences
hat were not complete were excluded from the analysis.
fter completing the PCR and sequencing, the DNA PRESS
ersity for Science xxx (2016) xxx–xxx 3
samples were safely discarded according to laboratory
protocol.
2.5.  Statistical  analysis
The female students were divided into two cate-
gories according to glucose level and BMI. In each
category, two groups were created. For the glucose
level category, the groups were HGL (glucose > 120)
and NGL (glucose < 120) [36]; while for the obesity
category, the groups were obese (BMI > 30) and non-
obese (BMI < 30). The data were analyzed using Minitab
17 software [Minitab 17 Statistical Software, 2010] for
the two categories. Student’s t-test, descriptive statistics
(Mean ±  SE) and correlation were conducted. Student’s
t-test was applied to observe the differences between
the HGL and NGL groups and the obese and non-obese
groups for the different biochemical parameters. For cor-
relation, Pearson correlation coefficient was determined
between glucose and the other biochemical parameters
for the HGL category, while for obesity, the Pearson cor-
relation coefficient was determined between BMI and the
other biochemical parameters. Moreover, a Pearson Chi
square test was used to measure the correlation between
the genetic variants and the different biochemical param-
eters that were analyzed in this study.
Molecular Evolutionary Genetics Analysis (MEGA
6) software [37] was used for sequences refinement
and alignment. The A/T SNP was detected after the
sequences were aligned, and the genotype was defined
based on the chromatograph of each sample sequence
[38]. The mean, standard error, and t-test were analyzed
for alleles and genotypes of the rs9939609 FTO obesity-
risk allele using Minitab 17 software.
3.  Results  and  discussion
The objective of the current study was to determine
the relationship between glucose and BMI with different
biochemical parameters, such as cholesterol, triglyc-
eride, LDL, HDL, malondialdehyde, sucrose, weight,
and serum variation in leptin, among female prepara-
tory students at Taibah University in 2015. HGL could
be an indicator of diabetes mellitus. Unexpectedly, 90%
of the female students had no previous knowledge about
having an HGL in their blood serum although they were
fasting. The glucose level ranged from 120 to 122 mg/dL.
Confirming this finding, Al-Nozha et al. [34] reportedGenetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
that although medical care is available in Saudi Arabia,
a substantial number of diabetics are unaware of having
the disease. Based on the above results, a data analysis
was conducted based on two criteria: BMI and glucose
ARTICLE IN PRESS+ModelJTUSCI-314; No. of Pages 14
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Table 1
t-Test of the different biochemical parameters examined for preparatory-female students.
Biochemical parameter Glucose level Body mass index
HGL/NGLa Obese/non-obese
t-value P-value t-value P-value
Glucose (ng/L) 13.62 0.000 0.21 0.839
Sucrose (ng/L) 1.40 0.164 −0.72 0.477
Cholesterol (U/L) 15.77 0.000 0.11 0.912
Triglyceride (U/L) 12.58 0.000 −0.27 0.792
HDL (U/L) 4.18 0.000 1.98 0.058
LDL (U/L) 3.92 0.000 0.43 0.673
VLDL (U/L) 3.31 0.001 1.09 0.285
Malondialdehyde (U/L) 2.45 0.016 1.03 0.311
Leptin (U/L) 0.10 0.923 −1.05 0.306
0
The present study showed higher levels of LDL, HDL,
and VLDL in the HGL group compared to those in the
NGL group. High LDL values might be due to chronic
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a HGL: high glucose level; NGL: normal glucose level.
level. Al Madinah Al Munawwarah is located in the west-
ern area of Saudi Arabia and considered an urban city.
Approximately 24.7% of patients in western Saudi Ara-
bia have diabetes mellitus, and urban residents have a
higher prevalence of the disease than do rural residents
[34]. Individuals living in rural areas have a lower inci-
dence of DM than do those living in urban areas due to
their higher physical activity [14].
Due to there being incomplete data for some partici-
pants (DNA sequences, blood hemolysis, and incomplete
data), the number of samples analyzed was reduced to
186 instead of 246. Based on the glucose level grouping,
the 186 students were divided into two groups: HGL
(n = 114) and NGL (n  = 72). According to the t-test, all
of the biochemical parameters were highly significant,
with P-value < 0.05, except for sucrose, leptin, and BMI
(Table 1). The HGL group had higher mean glucose,
cholesterol, triglycerides, HDL, LDL, VLDL, and
malondialdehyde levels of 148.61 ng/L, 286.65 U/L,
102.31 U/L, 53.79 U/L, 170.11 U/L, 20.66 U/L,
and 5.54 U/L, respectively, compared to the NGL
group, whose levels were 103.73 ng/L, 171.74 U/L,
77.66 U/L, 46.74 U/L, 33.91 U/L, 17.62 U/L, and
2.84 U/L, respectively (Fig. 1 and Appendix 1).
A highly positive correlation between glucose and
some biochemical parameters, including cholesterol,
triglycerides, HDL, LDL, VLDL, and malondialdehyde,
was found in the HGL group (P  < 0.05) (Table 2), while
no correlation was found between glucose and bio-
chemical parameters, except for the cholesterol and
triglyceride levels, in the NGL group (Table 2). The glu-Please cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
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cose level was high in the HGL group compared to that in
the NGL group. Diabetes occurs due to a lack of insulin
hormone production or the failure of the body to respond
sufficiently to the amount of insulin released. In contrast,.762 −5.65 0.000
the glucose level was higher in the obese group than in
the non-obese group due to insulin secretion stimulated
by increasing glucose levels [38]. On the other hand, the
sucrose level was not significant between the HGL and
the NGL groups. No biological evidence relates sucrose
to either diabetes [39] or obesity [40]. In the present
study, the leptin concentration ranged from 25.27 U/L to
25.61 U/L in the NGL and HGL subjects, respectively,
with no significant differences, which could be due to
insulin deficiency, an effective stimulator of leptin syn-
thesis [41]. Moreover, leptin ranged from 25.03 U/L to
32.35 U/L in non-obese and obese subjects with no sig-
nificant differences. Our result showed an increase in the
triglyceride level in the HGL group, which may be due
insulin deficiency causing the mobilization of fatty acid
from adipose tissue to produce energy. Excess fatty acids
will be stored in the liver and turned into triglycerides
[42].Genetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
Biochemical  test  
Fig. 1. Means of the different biochemical parameters examined for
preparatory-female students.
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Table 2
Correlation between glucose and the other biochemical parameters using Pearson coefficient for preparatory-female students.
Glucose/biochemical parameter Glucose levela Body mass index
HGL LGL Obese Non-obese
Pearson P-value Pearson P-value Pearson P-value Pearson P-value
Glucose/sucrose 0.056 0.639 0.072 0.449 0.310 0.183 −0.037 0.640
Glucose/cholesterol 0.952 0.000 0.987 0.000 0.431 0.058 −0.009 0.908
Glucose/triglyceride 0.937 0.000 0.977 0.000 0.380 0.098 −0.022 0.778
Glucose/HDL 0.416 0.000 −0.127 0.111 0.409 0.073 0.005 0.952
Glucose/LDL 0.430 0.000 0.111 0.239 0.292 0.211 −0.013 0.869
Glucose/VLDL 0.422 0.000 0.032 0.737 0.259 0.270 0.054 0.489
Glucose/malondialdehyde 0.426 0.000 −0.067 0.476 0.190 0.421 0.096 0.220
Glucose/leptin 0.066 0.583 −0.025 0.794 0.196 0.407 −0.001 0.994
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a HGL: high glucose level; NGL: normal glucose level.
nsulin deficiency, which decreases the LDL receptors
43]. In the HGL group, the high levels of choles-
erol, triglyceride, and LDL and the low level of HDL
holesterol can be explained by increased calorie intake,
besity, and lack of exercise [44–46] and to a deficiency
n insulin that results in the inactivation of lipoprotein
ipase [47].
Based on the BMI grouping, the 186 students were
ivided into two groups: obese (n  = 20) and non-obese
n = 166). According to the t-test, none of the biochem-
cal parameters were significant, with P-value > 0.05,
xcept for BMI (Table 1). The obese group had a higher
MI mean (37.78) compared to that of the non-obese
roup (22.07) (Fig. 1 and Appendix 1). No significant
orrelation existed between glucose and the other bio-
hemical parameters in the obese and non-obese groups,
xcept for the BMI in the obese group (Table 2).
The results of the current study found no significant
orrelation between HGL and NGL with BMI. More-
ver, most individuals with HGL lose their weight, which
ecreases their BMI, because these subjects take no med-
cation for their HGL to cause continuous weight loss
fter the onset of diabetes [48]. On the other hand, a
ignificant correlation was found between BMI and the
bese group but not the non-obese group. This can be
xplained by the strong relationship between BMI and
dipose area [49].
In the current study, the levels of cholesterol, triglyc-
ride, LDL, HDL, and VLDL are considered high
ompared to those of previous studies [50]. Persons with
iabetes mellitus usually have lipid abnormalities [51].
ree radicals stimulate lipid peroxidation (MDA) andPlease cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
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lter the cell membrane [52]. Lipid peroxide is helpful in
iabetes prognosis because of the increase in lipid per-
xidation that is associated with the excess formation
f free radicals [53]. Therefore, superoxide dismutase0.979 0.505 0.023 −0.059 0.450
will be inactivated under a hyperglycemic state due to
the development of superoxide radicals in the cell [43].
The cholesterol level was high in both the obese and
non-obese groups with no significant differences. The
same observation was found with TG, LDL, and VLDL,
whereas the HDL level was low in both groups with
no significant differences. It is known that total choles-
terol levels higher than 170 mg/dL and LDL-C levels
higher than 110 mg/dL are high risk factors for many
diseases [54]. Thus, diet may be responsible for the non-
significance between the obese and non-obese groups in
all lipid parameters.
For DNA sequences and genotypes, after refinement,
the sequence size was 265 bp (Fig. 2). Nucleotide 103
(bold and highlighted) was the location of SNP of the
rs9939609 region. Based on the alignment, the A/T allele
was determined. For example, samples number 246 and
17 had the A allele, while samples 14 and 71 had the T
allele.
Forty-six individuals of the test population had the
risk allele (A allele), accounting for 24.5% of the
population, while the T allele accounted for 75.5%
of the population, with 146 individuals (Appendix 2).
Considering the 186 individuals, only HDL and malon-
dialdehyde showed significant differences with the two
alleles A/T (Fig. 3 and Appendix 2). Genotypes AA, AT,
and TT had 32, 98, and 56 individuals, respectively. Part
of the genotype determination through chromatogram is
shown in Fig. 4. No significant differences in the mean
values were found among the three genotypes for all of
the biochemical parameters considered in all of the 186
individual (Fig. 3 and Appendix 2).Genetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
Based on the BMI (non-obese (n  = 20) and obese
(n = 166)), no significant differences were found within
the same group at the A/T allele or the three geno-
types for all of the biochemical parameters tested, except
ARTICLE IN PRESS+ModelJTUSCI-314; No. of Pages 14
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246                                   CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG 60
017                                   CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG 60
gnl|dbSNP|rs9939609         CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG 60
014   CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG  60
071                                   CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG 60
246                                   TCTGAATTATTATTCTAGATTCCTTGCGACTGCTGTGAATTTAGTGATGCACTTGGATAG 120
017                                   TCTGAATTATTATTCTANATTCCTTNCGACTGCTGTGAATTTAGTGATGCACTTGGATAG  120
gnl|dbSNP|rs9939609         TCTGAATTATTATTCTAGGTTCCTTGCGACTGCTGTGAATCTAGTGATGCACTTGGATAG 120
014   TCTGAATTAT TATTCTAGATT CCT TGC GACTGC TGTGAATTT TGTGAT GCACTT GGATAG     120
071                                   TCTGAATTAT TATTCTAGATT CCT TGC GACTGC TGTGAATTT TGTGAT GCACTT GGATAG 120
246                                   TCTCT GTTACTCTA AAGT TTTAATAGGTAACA GTCAGA AAT GGAG TGGGAG AGCATA AAA  180
017                                   TCTCT GTTACTCTA AAGT TTTAATAGGTAACA GTCAGA AAT GGAG TGGGAG AGCATA AAA 180
gnl|dbSNP|rs9939609         TCTCTGTTACTCTAAAGTTTTAATAGGTAACAGTCAGAAATGGAGTGGGAGAGCATAAAA  180
014   TCTCTGTTACTCTAAAGTTTTAATAGGTAACAGTCAGAAATGGAGTGGGAGAGCATAAAA 180
071                                   TCTCT GTTACTCTA AAGT TTTAATAGGTAACA GTCAGA AAT GGAG TGGGAG AGCATA AAA 180
246       GCAAACTG AAATGCAAATAGCT GGTACCCTGAAGC CATT AACTTTAAGCT GGTTAT TCCT 240
017                                   ACAAACT GAAATGCAAATA GCT GGTACCCTGAAGC CATT AACTTTAAGCT GGTTAT TCCT 240
gnl|dbSNP|rs9939609         GCAAACTGAAATGCAAATAGCTGGTACCCTGAAGCCATTAACTTTAAGCTGGTTATTCCT 240
014   GCAAACTG AAATGCAAATAGCT GGTACCCTGAAGC CATT AACTTTAT GCT GGTTATTCCT 240
071                                   GCAAACTG AAATGCAAATAGCT GGTACCCTGAAGC CATT AACTTTAT GCT GGTTATTCCT 240
246                                   GACCTACT GTTTGGACAT AAGATGG   265
017                                   GACCTACTGTTTGGACATAAGATGG   265
gnl| dbSNP|rs9939609          GACCTACT GTTTGGACAT AAGATGG 265
014   GACCTACT GTTTGGACAT AAGATGG 265
071                                   GACCTACT GTTTGGACATGA GATGG  265
Fig. 2. Partial of alignment of five bloods DNA samples sequences. This alignment was used to characterize each subject A/T allele. Left side
nucleotrepresents samples code, while the right side represents the number of 
while subjects number 14 and 17 have T allele.
for Malondialdehyde in the non-obese group (P  = 0.035)
(Fig. 3 and Appendix 2). Similarly, based on the glucose
level, the NGL (n  = 114) subjects showed no significant
differences within the same group at the A/T allele or
among the three genotypes with all of the biochemical
parameters tested. On the other hand, significance was
found in the HDL, VLDL, and malondialdehyde levels
for HGL individuals (n  = 72) at the A/T allele, with P-
values of 0.024, 0.038, and 0.021, respectively (Fig. 3
and Appendix 2).
In the whole population, the T allele had a higher
frequency than the A allele (56.45% and 43.55%, respec-
tively). Similarly, it was higher in HGL, NGL, and
non-obese individuals (Table 3). Obese individuals were
low in number (n  = 20), and thus, the T allele was not
higher but equivalent to the A allele (Table 3).
The distribution of the genotypes of the rs9939609
variant was tested using a Chi-square analysis. The
genotypes were in Hardy–Weinberg equilibrium (HWE)
(P > 0.05) in the whole population (n  = 186) in both
the obese and non-obese groups and the HGL and
NGL groups (Table 3). The Chi-square test for
Hardy–Weinberg equilibrium assumes that the observed
genotype frequencies are not significantly different from
those predicted for a population in equilibrium. ForPlease cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
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example, the P-value of 0.33 in the whole population
means that there is a 33% probability that the genotype
differences are due to chance and a 67% chance that theyides at that end. For example subject number 17 and 246 have A allele,
are not due to chance. This P-value is not significant;
thus, the population is in Hardy–Weinberg equilibrium.
When comparing the mean values for the different
biochemical parameters for the A-allele in both the
obese and non-obese groups, the results showed that,
in general, the obese group had lower mean values for
most of the biochemical parameters. Only a few of the
parameters were significant: glucose, leptin, and BMI,
with means of 125.66 ng/L, 23.63 U/L, 22.21 U/L and
112.00 ng/L, 36.00 U/L, 100.80 U/L for the non-obese
and obese groups, respectively. On the other hand, for the
T-allele, only HDL and BMI were significant. The HDL
mean was higher in the non-obese group (48.99 U/L)
than in the obese group (43.73 U/L), while the BMI
was much higher in the obese group (38.20) (Fig. 3 and
Appendix 2). For the three genotypes, AA, AT, and TT,
only BMI was significantly higher in the obese group
than in the non-obese group (Fig. 3 and Appendix 2).
While upon comparing the mean values for the
different biochemical parameters for the A-allele in
both glucose level factors, in general, HGL subjects
had greater mean values with significant differences
in many biochemical parameters compared to those of
NGL subjects for the A and T alleles and for the three
genotypes. The glucose and cholesterol levels wereGenetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
highly significant between the A and T alleles and the
three genotypes in the HGL group compared to the LGL
group. The A-allele in the HGL subjects had higher and
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pig. 3. Biochemical parameters of the 186 test individuals in relatio
ellitus.
ignificant mean values than those in the NGL group in
lucose, cholesterol, triglyceride, HDL, LDL, VLDL,
nd malondialdehyde levels. Similarly, the T-allele
n the HGL subjects had higher and significant mean
alues compared to those in the NGL group, similar to
he A-allele, except for malondialdehyde, which had no
ignificance (Fig. 3 and Appendix 2). The homozygousPlease cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
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A and TT genotypes had higher mean values for
lucose, cholesterol, triglyceride, and HDL in the obese
roup. In addition to the above significant biochemical
arameters found in the homozygous AA and TT A/T allele and the three genotypes, based on obesity and diabetes
groups, the heterozygous AT group had significance
in VLDL and malondialdehyde as well (Fig. 3 and
Appendix 2).
The A allele is a risk factor associated with increased
body weight, and the AA genotype carriers have a higher
body weight and BMI compared to those of the TT
genotype carriers [55]. In the current study, obese sub-Genetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
jects had a higher BMI regardless of the allele or the
genotype, although the number of obese individuals was
low (n  = 20) compared to that of non-obese individ-
uals (n  = 166). However, other parameters did not vary
ARTICLE IN PRESS+ModelJTUSCI-314; No. of Pages 14
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he threeFig. 4. Partial of the chromatogram of three sequences showing t
between the obese and non-obese groups. More subjects
are needed to determine whether these parameters vary
between the two groups.
Based on the glucose level, higher mean values were
found for certain biochemical parameters, such as glu-
cose and cholesterol levels, in the A and T alleles and in
the three genotypes: AA, AT, and TT. Cholesterol levels
were approximately 1.5 times greater in the HGL sub-Please cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
http://dx.doi.org/10.1016/j.jtusci.2016.06.003
jects. Triglyceride and HDL levels were also higher in the
HGL group. This is not surprising; in general and based
on the questionnaire, the student’s diet is not healthy and
includes mostly fast food. different genotypes; TT (above), AA (middle), and AT (below).
Based on the Pearson Chi-square test, there were
no significant differences between the A/T alleles and
the different biochemical parameters except for the
VLDL level, and there were no significant differences
between the different genotypes (AA, AT, and TT) and
the different biochemical parameters, except for the
glucose and VLDL levels (Table 4). More participants
are needed in future studies to determine the corre-Genetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
lation between the genetic variants and the different
biochemical parameters.
Many previous researchers have studied the asso-
ciation between FTO gene variants and obesity and
ARTICLE IN PRESS+ModelJTUSCI-314; No. of Pages 14
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Table 3
The rs9939609 region alleles and genotypes frequency for Taibah preparatory female students.
Groupsa Genotypes Observed Expected HW freq (%)
All population AA 32 35.27 18.96
AT 98 91.45 49.17
TT 56 59.27 31.87
A 162 (43.55%)
T 210 (56.45%)
P-value 0.3288
Non-obese AA 26 30.37 18.29
AT 90 81.27 48.95
TT 50 54.37 32.75
A 142 (42.77%)
T 190 (57.23%)
P-value 0.1661
Obese AA 6 5.00 25.00
AT 8 10.00 50.00
TT 6 5.00 25.00
A 20 (50%)
T 20 (50%)
P-value 0.3711
NGL AA 19 20.63 18.10
AT 59 55.73 48.89
TT 36 37.63 33.01
A 97 (42.54%)
T 131 (57.46%)
P-value 0.5313
HGL AA 13 14.67 20.38
AT 39 35.66 44.53
TT 20 21.67 30.10
A 65 (45.14%)
T 79 (54.86%)
4267
o
[
b
m
c
T
P
B
G
S
C
T
H
L
V
M
L
BP-value 0.
a NGL: normal glucose level; HGL: high glucose level.
ther metabolic parameters in different populations
13,14,19,56]. Common SNPs at candidate genes havePlease cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
http://dx.doi.org/10.1016/j.jtusci.2016.06.003
een identified for obesity. These SNPs act as effect
odifiers for environmental risk factors [4]. The asso-
iation of the FTO gene with obesity was studied in a
able 4
earson Chi-square test between the two alleles and the three genotypes with 
iochemical parameter A/T allele 
Value Signi
lucose (ng/L) 78.041 0.265
ucrose (ng/L) 75.393 0.625
holesterol (U/L) 90.265 0.561
riglyceride (U/L) 70.417 0.192
DL (U/L) 43.847 0.312
DL (U/L) 87.244 0.946
LDL (U/L) 42.562 0.029
alondialdehyde (U/L) 130.220 0.380
eptin (U/L) 155.827 0.489
MI 172.570 0.431Tunisian population, in which two genetic markers, one
SNP associated with metabolic diseases in the EuropeanGenetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
population (rs1421085) and one SNP associated with
metabolic diseases in African populations (rs8057044),
were considered. The results of that study showed an
the different biochemical parameters among the 186 female students.
AA,AT,TT genotypes
ficance Value Significance
 169.891 0.055
 156.187 0.570
 207.236 0.137
 136.832 0.170
 79.097 0.444
 214.776 0.587
 72.809 0.045
 259.319 0.362
 313.381 0.467
 343.135 0.440
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association of the gene with diabetes, higher fasting glu-
cose levels, and high blood pressure [19]. In Egypt,
the association between the rs9939609 variant of the
FTO gene and polycystic ovary syndrome (PCOS) was
examined in women because the phenotype of polycys-
tic ovary syndrome (PCOS) overlaps with obesity. In
that study, it was found that the rs9939609 variant in
the FTO gene was associated with PCOS susceptibility
[57]. In a review conducted by Gosadi [58], the num-
ber of the studies related to Metabolic syndrome (MS)
and that were performed on the Saudi Arabia population
were few. Moreover, the SNPs that were used in these
studies did not involve rs9939609. Based on this result,
although the sample size in this study was not high, this
study is one of a few studies to associate the rs9939609
allele with BMI and glucose level in Saudi Arabia. A
previous study conducted by Bazzi et al. [59] studied the
association between Type 2 diabetes (T2DM) and partic-
ular SNPs, including rs9939609, in the Saudi population.
Their results showed that the population studied (n  = 81)
was in HWE with a P  value of 0.203. The observed AA,
AT, and TT genotype frequencies in their study were
0.326, 0.432, and 0.242, respectively. The A and T allele
frequencies were 0.542 and 0.458, respectively, and no
significant associations between FTO (rs9939609) and
the T2DM were found. More genomics and proteomics
research is needed to prevent the occurrence of obesity
and to develop new therapeutic targets [60].
4.  ConclusionPlease cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
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This study investigated the correlation between dif-
ferent biochemical analysis parameters and the BMI
Parameter Glucose levela
HGL NGL 
Mean SE Mean 
Glucose (ng/L) 148.61a 3.20 103.73b 
Sucrose (ng/L) 8.26a 0.06 8.15a 
Cholesterol (U/L) 286.65a 6.78 171.74b 
Triglyceride (U/L) 102.31a 1.62 77.66b 
HDL (U/L) 53.79a 1.34 46.74b 
LDL (U/L) 170.11a 7.58 133.91b 
VLDL (U/L) 20.66a 0.78 17.62b 
Malondialdeyhide (U/L) 5.54a 1.03 2.84b 
Leptin (U/L) 25.61a 2.45 25.27a 
BMI 23.63a 0.59 23.98a 
Length (cm) 155.08 157.80 
Weight (kg) 58.08 59.21 
a HGL: high glucose level; NGL: normal glucose level. PRESS
ersity for Science xxx (2016) xxx–xxx
and glucose level and characterized the FTO rs9939609
variant alleles and genotypes in 186 female preparatory
students at Taibah University in 2015. Of the 75% of
the students that had the T allele, and approximately
50% had the heterozygous FTO rs9939609 genotype AT.
Most of the students were not aware that they had an
HGL or high cholesterol level according to their response
to the questionnaire distributed at the beginning of this
study. These problems mainly arose from the students’
diet, lack of exercises, and lifestyle. The current study
can be considered a basis for future studies regarding
the relationship between FTO and biochemical analysis;
however, different genders, ages, and locations should
be considered, and more participants from Saudi Arabia
should be analyzed.
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Appendix  1.  Means  of  the  different  biochemical
parameters  examined  for  preparatory-female
students.
BMI
Obese Non-obese
SE Mean SE Mean SE
0.79 120.00a 5.59 121.23a 2.24
0.06 8.28a 0.13 8.19a 0.04
2.68 214.80a 13.20 216.39a 5.55
1.11 88.00a 3.07 87.10a 1.38
1.03 45.50a 2.01 49.86a 0.92
5.29 142.80a 12.90 148.72a 4.85
0.49 17.75a 0.96 18.92a 0.48
0.38 2.94a 0.86 3.98a 0.51
2.41 32.35a 6.74 25.03a 1.83
0.98 37.78a 2.77 22.07b 0.28Genetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
160.70 156.27
97.68 54.12
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A
B  relation  to  the  A/T  allele  and  the  three  genotypes,
b
B AA (n = 32) AT (n = 98) TT (n = 56)
alue Mean SE Mean SE Mean SE F-valueb P-value
A
99 117.19 3.84 121.87 3.04 122.00 3.88 0.36 0.695
25 8.19 0.08 8.22 0.06 8.14 0.06 0.35 0.706
34 206.06 9.81 217.82 7.52 219.23 9.42 0.41 0.664
34 84.53 2.82 87.17 1.77 88.77 2.41 0.60 0.549
36 45.56 1.80 50.52 1.23 49.71 1.46 2.29 0.104
12 136.31 9.51 150.71 6.74 151.21 7.81 0.73 0.484
69 17.20 0.87 19.12 0.66 19.13 0.73 1.09 0.337
26 2.88 0.64 4.42 0.78 3.64 0.64 0.77 0.464
98 23.37 2.80 27.73 2.69 22.37 2.94 1.04 0.335
92 24.21 1.13 23.92 0.76 23.24 0.91 0.23 0.792
O AA (n = 26) AT (n = 90) TT (n = 50)
alue Mean SE Mean SE Mean SE F-valueb P-value
N
59 116.35a 4.41 121.16a 3.15 123.92a 4.26 0.59 0.557
98 8.17a 0.09 8.20a 0.07 8.16a 0.06 0.07 0.935
30 202.50a 0.30 216.04a 7.87 224.30a 10.20 0.80 0.453
21 83.54a 3.33 86.63a 1.86 89.80a 2.62 1.13 0.327
84 45.62a 1.97 50.72a 1.31 50.64a 1.58 2.06 0.130
97 136.50a 10.50 150.28a 7.07 153.30a 8.46 0.65 0.523
75 17.27a 0.92 19.20a 0.71 19.40a 0.80 1.18 0.309
35 2.67a 0.63 4.53a 0.85 3.86a 0.71 0.80 0.449
73 23.23a 3.21 26.38a 2.74 21.85a 2.77 0.68 0.508
85 21.96a 0.91 22.42a 0.36 21.52a 0.44 1.02 0.363
AA (n = 6) AT (n = 8) TT (n = 6)
alue Mean SE Mean SE Mean SE F-valueb P-value
O
23 120.83a 7.86 129.90a 11.70 106.00b 3.51 1.68 0.216
87 8.28a 0.14 8.50a 0.17 7.99a 0.32 1.41 0.271
42 221.70a 19.00 237.80a 26.00 177.30b 12.10 2.07 0.156
86 88.83a 4.16 93.25a 5.74 80.17a 4.52 1.69 0.214
31 45.33a 4.77 48.25a 3.53 42.00b 0.73 0.82 0.459
54 135.50a 24.90 155.60a 23.70 133.20a 18.80 0.31 0.739
 18.00a 2.59 18.25a 1.42 16.83a 0.95 0.18 0.833
37 3.77a 2.18 3.21a 1.49 1.76b 0.35 0.41 0.671ARTICLETUSCI-314; No. of Pages 14
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ppendix  2.
iochemical  parameters  of  the  186  test  individuals  in
ased on  obesity  and  glucose  level.
iochemical test A (n = 46) T (n = 140)
Mean SE Mean SE F-valuea P-v
ll data (n = 186)
Glucose (ng/L) 124.17 4.47 120.09 2.35 0.71 0.3
Sucrose (ng/L) 8.25 0.06 8.17 0.05 0.64 0.4
Cholesterol
(U/L)
224.90 11.60 213.36 5.67 0.94 0.3
Triglyceride
(U/L)
88.26 2.79 86.85 1.43 0.23 0.6
HDL (U/L) 52.46 1.99 48.43 0.91 4.49 0.0
LDL (U/L) 158.30 10.50 145.12 4.98 1.57 0.2
VLDL (U/L) 20.22 1.11 18.37 0.45 3.34 0.0
Malondialdehyde
(U/L)
5.74 1.50 3.32 0.38 5.01 0.0
Leptin (U/L) 24.97 2.61 25.49 2.16 0.02 0.8
BMI 23.77 0.96 23.76 0.62 0.00 0.9
besity A (n = 41)c T (n = 125) 
Mean SE Mean SE F-valuea P-v
on-obese (n = 166)
Glucose (ng/L) 125.66a 4.95 119.78a 2.49 1.28 0.2
Sucrose (ng/l) 8.25a 0.07 8.17a 0.05 0.28 0.5
Cholesterol
(U/L)
227.90a 12.90 212.62a 6.04 1.41 0.2
Triglyceride
(U/L)
88.66a 3.10 86.59a 1.53 0.41 0.5
HDL (U/L) 52.66a 2.12 48.99a 0.99 3.03 0.0
LDL (U/L) 156.30a 11.10 146.68a 5.37 0.72 0.3
VLDL (U/L) 20.44a 1.29 19.47a 0.49 3.20 0.0
Malondialdehyde
(U/L)
5.93a 1.66 3.42a 0.41 4.50 0.0
Leptin (U/L) 23.63b 2.60 24.82a 2.20 0.08 0.7
BMI 22.21a 0.63 22.03a 0.31 0.07 0.7
A (n = 5) T (n = 15) 
Mean SE Mean SE F-valuea P-v
bese (n = 20)
Glucose (ng/l) 112.00b 4.21 122.67a 7.27 0.67 0.4
Sucrose (ng/l) 8.48a 0.17 8.22a 0.16 0.79 0.3
Cholesterol
(U/L)
200.40a 15.30 219.60a 16.90 0.39 0.5
Triglyceride
(U/L)
85.00a 4.01 89.00a 3.90 0.31 0.5
HDL (U/L) 50.80a 6.34 43.73b 1.60 2.51 0.1
LDL (U/L) 175.00a 34.20 132.10a 12.40 2.22 0.1
VLDL (U/L) 18.40a 2.54 17.53a 1.02 0.15 077
Malondialdehyde 4.14a 2.38 2.54a 0.88 0.63 0.4Please cite this article in press as: D.E. El Nashar, et al. 
sity among preparatory-year female students at Taibah Un
http://dx.doi.org/10.1016/j.jtusci.2016.06.003
(U/L)
Leptin (U/L) 36.00a 10.80 31.13a 8.41 0.09 0.762 2
BMI 36.61b 4.00 38.20b 13.50 0.06 0.814 3 PRESSGenetic, dietary, and non-dietary risk factors of obe-
iversity, Saudi Arabia, J. Taibah Univ. Sci. (2016),
3.96a 5.91 42.90a 11.20 26.70a 16.00 0.80 0.464
3.94b 1.77 40.80b 17.00 37.60bb 11.90 0.51 0.611
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AA (n = 19) AT (n = 59) TT (n = 36)
lue Mean SE Mean SE Mean SE F-valueb P-value
1 103.37b 2.38 102.83b 1.04 105.39b 1.32 1.05 0.353
 8.14a 0.13 8.15a 0.09 8.16a 0.07 0.01 0.988
8 168.89b 8.22 1.69b 3.54 177.72b 4.40 1.16 0.318
8 76.32b 3.51 76.80b 1.49 79.78b 1.74 0.25 0.428
3 42.11b 1.87 48.17b 1.61 46.83b 1.57 2.23 0.113
2 122.90a 10.80 132.76b 7.83 141.58a 9.19 0.70 0.500
8 16.16a 1.18 17.53b 0.70 18.56a 0.88 1.28 0.281
2 2.22a 0.73 2.84b 0.55 3.16a 0.74 0.33 0.723
8 21.77a 3.50 27.38a 3.79 23.67a 4.05 0.44 0.644
7 22.93a 1.21 23.44a 0.71 24.31a 0.13 0.35 0.707
AA (n = 13) AT (n = 39) TT (n = 20)
lue Mean SE Mean SE Mean SE F-valueb P-value
4 137.38a 4.90 150.67a 4.50 151.90a 6.50 1.39 0.257
8 8.28a 0.08 8.34a 0.09 8.11a 0.11 1.42 0.249
8 260.38a 7.01 291.67a 9.75 293.90a 14.10 1.70 0.190
4 96.54a 1.77 102.87a 2.07 104.95a 3.95 1.58 0.213
4 50.62a 3.06 54.29a 1.81 59.90a 2.63 0.65 0.528
3 155.80a 16.30 177.90a 10.90 168.60a 13.80 0.59 0.556
8 19.23a 1.16 21.54a 1.18 20.15a 1.30 0.73 0.487
1 3.85a 1.13 6.81a 1.74 4.50a 1.20 0.80 0.453
0 25.71a 4.71 28.25a 3.65 20.04a 3.91 1.06 0.351
3 26.07a 2.09 24.65a 1.60 21.30a 0.69 1.61 0.208
notypes.
 obese groups for the different biochemical parameters. Different letters
 groups for the different biochemical parameters. Different letters indicateARTICLEJTUSCI-314; No. of Pages 14
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Appendix 2 (continued)
Glucose level A (n = 25)d T (n = 89) 
Mean SE Mean SE F-valuea P-va
HGL (n = 114)
Glucose (ng/L) 103.56b 2.11 103.78b 0.83 0.01 0.91
Sucrose (ng/L) 8.22a 0.10 8.13a 0.07 0.46 0.50
Cholesterol
(U/L)
170.76b 7.12 172.01b 2.81 0.04 0.84
Triglyceride
(U/L)
76.64b 2.96 77.94b 1.16 0.24 0.62
HDL (U/L) 47.84b 2.29 46.43b 1.16 0.32 0.57
LDL (U/L) 136.00b 10.50 133.31b 6.13 0.05 0.83
VLDL (U/L) 17.72b 0.87 17.59b 0.59 0.01 0.91
Malondialdehyde
(U/L)
2.77b 0.67 2.86a 0.46 0.01 0.92
Leptin (U/L) 25.63a 4.19 25.17a 2.86 0.01 0.93
BMI 24.29a 1.46 23.44a 0.64 0.35 0.55
A (n = 21) T (n = 51) 
Mean SE Mean SE F-valuea P-va
NGL (n = 72)
Glucose (ng/L) 148.71a 6.06 148.57a 3.80 0.00 0.99
Sucrose (ng/L) 8.29a 0.08 8.25a 0.08 0.07 0.79
Cholesterol
(U/L)
289.40a 14.60 285.53a 7.55 0.07 0.79
Triglyceride
(U/L)
102.10a 20.89 102.39a 1.96 0.01 0.93
HDL (U/L) 58.55a 3.13 51.92a 1.33 5.29 0.02
LDL (U/L) 184.90a 17.80 165.73a 7.77 1.33 0.25
VLDL (U/L) 23.19a 2.03 19.73a 0.65 4.47 0.03
Malondialdehyde
(U/L)
9.27a 3.05 4.13a 0.64 5.53 0.02
Leptin (U/L) 24.19a 2.90 26.05a 3.21 0.12 0.73
BMI 23.15a 1.20 24.31a 1.29 0.29 0.59
a The F and the P-value are for t-test between the A and T alleles.
b The F and the P-value are for t-test among the AA, AT, and TT ge
c Two sample t-test at 95% confidence level between non-obese and
indicate significant differences.
d Two sample t-test at 95% confidence level between NGL and HGL
significant differences.
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